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The percentage of women who are obese at the time of conception/pregnancy is increasing, with 27 animal and human studies demonstrating that offspring born to obese dams/mothers are at increased 28 risk for obesity and the metabolic syndrome. Our goal was to confirm in an experimental model of 29 metabolic syndrome in the dam, whether the offspring would be at increased risk of obesity.
30
Conversely, we observed that male offspring born to dams with metabolic syndrome had no 31 alterations in their body weight profiles, whereas female offspring born to dams with metabolic 32 syndrome were heavier at weaning, but exhibited no perturbations in energy metabolism. Moreover,
33
they gained weight at a reduced rate versus female offspring born to healthy dams, and thus weighed 34 less at study completion. Hence, our findings suggest that factors other than increased 35 adiposity/insulin resistance during pregnancy are responsible for the increased risk of obesity in D r a f t
Introduction

42
Currently in Canada there are over 2 million children who are overweight/obese, and the majority 43 of these children will grow up to become adults who are also obese and at increased risk for 44 developing metabolic syndrome (Morrison et al. 2007) . Of interest, the concept of "developmental 45 programming" suggests that an individual's risk for developing disease throughout life is intricately 46 connected to the environment of the womb that individual was exposed to (Blackmore and Ozanne 47 2013). This idea was first put forward by David Barker and colleagues and termed the "fetal origins 48 hypothesis" to explain the inverse relationship between birth weight and mortality resulting from 49 ischemic heart disease (Barker et al. 1989) . Over the years the "fetal origins hypothesis" has 50 continued to evolve, with a more recent evolution of this initial concept termed the "Developmental 
56
With regards to childhood obesity, as there are now an increasing percentage of pregnancies in 57 overweight/obese women at conception (Flegal et al. 2012) , the DOHaD hypothesis would suggest 58 that this may be a significant factor accounting for the increased rates of obesity in our pediatric 59 population (Catalano 2003; Shankar et al. 2008) . Indeed, a number of studies have demonstrated that 60 offspring born to obese dams are at increased risk for obesity and obesity-related metabolic 61 dysfunction, with many studies implicating a key role for epigenetic alterations in mediating this 62 phenomenon (Borengasser et al. 2013; Laker et al. 2014 
96
such that both dams nursed an identical number of pups (4 pups) from 3 days post-birth until weaning.
97
At 21-days of age all offspring were weaned into separate cages and supplemented with a LFD until 98 euthanization at 14-weeks of age. 
105
Glycemic Assessments
106
We assessed glucose homeostasis in female offspring as previously described (Ussher et al. 2014) . In 107 brief, oral and intraperitoneal glucose tolerance were assessed either in female dams fed a LFD or
108
HFD for 5-weeks, or in female offspring following an overnight fast at 10-and 11-weeks of age, 109 respectively, using a glucose dose of 2 g/kg body weight. Intraperitoneal insulin tolerance was 110 assessed either in female dams fed a LFD or HFD for 5-weeks, or in female offspring following a 6 hr 111 fast at 12-weeks of age, using an insulin dose of 0.3 U/kg body weight (Novolin (biosynthetic human 112 insulin), Novo Nordisk).
114
Indirect Calorimetry
115
In vivo metabolic assessment via indirect calorimetry was performed in female offspring at 8-weeks of 116 age using an Oxymax comprehensive lab animal monitoring system (Columbus Instruments) as 
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Male offspring born to dams fed a HFD for 5 weeks prior to conception had similar body weights 137 to their counterparts born to dams fed a LFD, while also gaining weight at a similar rate (Figure 2 ).
138
Conversely, female offspring born to dams fed a HFD for 5 weeks prior to conception were 139 significantly heavier at weaning than their counterparts born to dams fed a LFD ( Figure 3A ). This 140 difference in body weight quickly dissipated by 6-to 8-weeks of age, as female offspring born to dams 141 fed a LFD gained body weight at an accelerated pace ( Figure 3B ). At study completion when the 142 female offspring were 14-weeks of age, those born to a dam fed a HFD actually weighed less than 143 those born to a dam fed a LFD ( Figure 3A ). These differences in body weight at weaning and at study 
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Discussion
163
In this study we observed that female dams fed a HFD for 5 weeks prior to conception and 164 during pregnancy, produced female offspring that exhibited no adverse alterations in glucose 165 homeostasis throughout their juvenile and young adult development. In support of the DOHaD 166 ideology, these female offspring were heavier at weaning, but unexpectedly gained less weight than 167 their counterparts born to dams fed a LFD.
168
The principle concepts of DOHaD suggest that the risk for disease susceptibility in a developing 169 individual is actually influenced by a more broader developmental window that includes the period D r a f t 8 from pre-conception to oocyte fertilization, versus just the periods of prenatal and postnatal homeostasis. We initially surmised that reasons for this unexpected finding could be due to our 175 experimental model of HFD supplementation in the dam not inducing any overt metabolic dysfunction 176 or adiposity, but assessment of total adiposity in our dams fed a HFD prior to conception revealed 177 robust increases in total fat mass, as well as significant impairments in glucose and insulin tolerance.
178
Taken together, it remains unclear why we did not observe changes in glucose homeostasis in 179 our offspring born to dams fed a HFD prior to conception, and our findings are in contrast to previous 180 studies indicating that offspring born to obese dams are at increased risk for both elevated weight gain 
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Of importance, a number of studies support the notion that epigenetic inheritance may be a 
214
may explain why we did not see an increased risk for early onset obesity or metabolic syndrome in our 215 offspring born to dams fed a HFD for 5 weeks prior to conception, as we also cross-fostered our pups 216 to a surrogate dam fed a LFD immediately upon birth. Alternatively, our findings do have a significant 217 limitation in that we did not foster pups born to dams fed a LFD, and it is possible that our 218 observations in female offspring are the result of the stress of fostering, and not the offspring being 219 conceived by a dam fed a HFD and the subsequent intrauterine exposure to an obese metabolic 220 environment. Furthermore, it is possible that maternal care from a foster mother is not as strong as D r a f t 10 that from the genetic mother, which could also contribute to our observations in the female offspring.
222
However, we would thus expect to have seen a similar body weight pattern in our male offspring, but 223 body weights in male offspring born to dams fed a HFD and fostered to a dam fed a LFD were 224 identical at all time points when compared to male offspring born to dams fed a LFD without fostering.
225
Nonetheless, this remains a very important lingering question that we plan to address in our future 226 studies.
227
In spite of this limitation, our results are unique as our female offspring born to dams fed a HFD
228
were actually heavier at weaning than their counterparts born to dams fed a LFD, but gained weight at 229 a reduced pace that they actually weighed less once they reached 14-weeks of age. On the other 230 hand, male offspring born to HFD supplemented dams in our study had normal body weights at 
239
exposure to an obese environment. As such, it would be interesting to have continually monitored 240 glucose homeostasis in our offspring as they aged even further, and whether this could be negated by 241 weaning the female offspring onto a HFD, though that is beyond the scope of this specific study. It is 242 worth noting though if this set-point theory of body weight regulation is correct, it would have also been 243 anticipated to occur in the male offspring, which we did not observe in our study.
244
Another potential factor is that we utilized a sucrose-matched low-fat control diet for our control 
254
In summary, our findings did not reproduce those of previously published papers supporting the 255 DOHaD ideology that obesity and metabolic dysfunction in the pregnant dam lead to increased risk for 256 early onset obesity and metabolic dysfunction in the developing offspring. Whether this is due to 257 differences in micronutrient composition in the diets we utilized versus previous studies, or because
258
we cross-fostered our pups during nursing/lactation to a lean dam fed a LFD, remains to be 
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Exercise prevents maternal high-fat diet-induced hypermethylation of the Pgc-1alpha gene and age- 
